Einige Aspekte der gastrointestinalen Mikrotlora keimfreier Miiuse, die mit kultivierten Mikrotloren
Summary
Attempts are described to 'normalize' germfree mice by association with 3, 21 and 71 different intestinal bacterial cultures isolated from mice with an SPF flora. Germfree mice associated .naturally with an SPF flora served as controls. Vital bacterial counts were determined by aerobic and anaerobic culture. Stomach and small intestine contained fewer bacteria per gram than caecum and large intestine. Aerobic vital counts from caecum and large intestine were higher in the experimental groups than in control mice. The aerobic and anaerobic flora in stomach and small intestine comprised mainly Gram-positive nonfusiform shaped rods. In the caecum and colon Gram-positive cocci predominated in the aerobic culture while in the anaerobic culture fusiformshaped rods were prominent. Scanning electron microscopy of oesophagus, ileum, caecum and faeces demonstrated colonization of the oesophageal epithelium only after association with 71 bacterial strains; the filamentous bacteria present in the ileum of SPF mice were not found in the experimental groups and caecum and faeces contained mainly fusiform-shaped bacteria. Nonbacterial matter decreased in the caecum and faeces with increase in the complexity of the flora.
In laboratory animal science there exists a need to standardize laboratory animals. Microbiological standardization and manipulation of the microflora of laboratory animals are required for several research fields. In the present study we investigated some qualitative and quantitative aspects of the intestinal micro flora of germfree mice which were associated with combinations of bacterial strains cultured from the intestines of mice with a 'normal' microflora. After birth, bacterial colonization of mice occurs in a strict sequence (Schaedler, Dubos & Costello, 1965; Savage, Dubos & Schaedler, 1968) . We tried to follow the natural sequence by associating germfree mice with microfloras cultured Received 25 August 1982 . Accepted 15 December 1982 from SPF mice of 5, 20 and 60 days of age and investigating each stage. Vital bacterial counts and morphology of bacteria isolated from the stomach, small intestine, caecum and large intestine were studied. In addition the micro flora of the oesophagus, ileum, caecum and faeces was examined using a scanning electron microscope (SEM).
Materials and methods

Animals
Male Swiss!Cpb: SE mice aged 5, 20 and 60 days with an SPF flora (Koopman & Janssen, 1974) were used as the source of intestinal bacteria. The mice were supplied with RMH-B food (Hope Farms, Woerden, The Netherlands).
For the association experiments male germfree Swiss! Cpb : SE mice maintained in plastic isolators and supplied with irradiated (3'5 Mrad) SRM food (Hope Farms) were used.
Cultures
Mice were killed by cervical dislocation and introduced into an anaerobic glove box (ITL International BV, Leek, The Netherlands) as described earlier (Koopman, van Oeveren & Janssen, 1973) . Stomach, small intestine, caecum and large intestine were homogenized in broth containing glucose 1·0 g, starch 4'0 g, tryptose 10'0 g, NaCI 5'0 g, K z HP04 3·0 g, KHzP04 0,5 g, MgS04 0,5 g, cysteine-HCl 0'5 g and yeast extract 3'0 g, dissolved in 1000 ml tapwater; 5% sheep blood was added. Tenfold dilutions were made and 0'1 ml samples from the 10"3, 10-5, 10"7 and 10-8 dilutions were spread on the surface of 6 agar plates per dilution. The agar consisted of basic broth with 1'5% agar and 7% sheep blood. 3 agar plates per dilution were incubated for 7 days anaerobically and 3 for 2 days aerobically. Following Incubation, the varieties of colony were subcultured and characterized using API ZYM (API System, La Balme les Grottes, 38390 Montalieu Verden, France) and cell-wall analysis using gel electrophoresis (Pox ton & Brown, 1979) .
Gastrointestinal micro flora of mice
Association
The mice were associated in 3 phases; first with bacteria isolated from 5-day-old mice, then with bacteria from 20-day-old mice and finally with bacteria from a 60-day-old mouse. In phase 1, 3 aerobic strains were used (GF + 3), in phase 2, 4 aerobic and 14 anaerobic strains were added (GF + 21). In phase 3,6 aerobic and 44 anaerobic strains were added (GF + 71). The mice were associated by oral and rectal administration of suspensions of mixtures of pure cultures. In every phase the mice were associated 3 times at intervals of 5 days. At least 4 weeks had elapsed after the last association before the mice were examined. For controls germfree mice were housed with an SPF mouse for 4 weeks (GF + SPF). Microbiology 6 mice from each group were examined. They were killed by cervical dislocation and introduced into the anaerobic glove box. Stomach, small intestine, caecum and large intestine were removed aseptically and cultured as described above. After 2 days (aerobic) and 7 days (anaerobic) the colony forming units were counted and vital counts were calculated. 40 representative colonies from each mouse from each intestinal segment were examined microscopically after Gram staining.
Scanning electron microscopy (SEM)
Portions of oesophagus, ileum, caecum and faeces were examined by SEM using methods described previously (Koopman et ai., 1982) .
Results
Vital counts of bacteria from germfree mice associated with different microfloras are presented in 189
Tables 1 and 2. The stomachs of GF + 71 and GF + SPF mice showed relatively more aerobic bacteria than the other groups. The caeca and large intestines of GF + SPF mice showed fewer aerobes compared with the other groups. No clear differences were found between the total anaerobic vital counts of the 4 groups. The caeca and large intestines contained more aerobic and anaerobic bacteria than the stomachs and small in testines.
The bacterial morphology of isolates is presented in Fig. 1 . The cultured aerobic microflora in the stomach and small intestine consisted mainly of Gram-positive non-fusiform rods, whereas in the large gut Gram-positive cocci predominated. The anaerobic culture revealed also a predominance of Gram-positive non-fusiform rods in the stomach and small intestine of the mice. In the small intestine a relatively small number of fusiform rods was found. In the caecum and large intestine the fusiform-shaped bacteria predominated over the other forms.
Through the SEM, colonization of the oesophageal epithelium was seen in mice associated with 71 bacterial strains and was similar to SPF mice (Fig. 2) . We did not succeed in culturing the bacteria living in a 'normal' ileum; in the experimental groups, the ileum was not colonized compared to the SPF group (Fig. 3) . In the caecum of GF + 3 mice a mass of non-bacterial material is visible with some rods and cocci. The caeca of GF + 21, GF + 71 and GF + SPF mice contained a large mass of mainly fusiform bacteria (Fig. 4) . In the GF + SPF mice some protozoa are also seen in the caecum (Fig. 4) .
The faecal floras of GF + 3 and GF + 21 mice showed a mass of non-bacterial material. In the 
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Discussion
The aim of the present study was to obtain 'normal' mice by associating germfree mice with collections of pure bacterial cultures isolated from the intestines of normal mice. It appeared that complete 'normalization' was not achieved with a combination of 71 different bacterial strains (Koopman, et at. 1983) . The reason for this failure was presumably that essential bacteria needed for the normal physiology of the host were not introduced to the animals. It was evident from SEM studies that we were not able to associate the mice with bacteria living in a 'normal' mouse ileum. These bacteria have been found by others (Savage & Blumershine, 1974; Ferguson & Birch-Andersen, 1979; Koopman, Stadhouders & de Boer, 1981) but the organisms could not be cultured (Blumershine & Savage, 1978) . The limiting factor was unlikely to be the anaerobiosis, as we cultured under ultra low oxygen concentrations « 1 ppm).
These bacteria are intimately attached to the epithelial cells of the ileum of the host (Abrams, 1977) and this may be a condition for their growth. Simulation of this complex ecological niche in vitro will not be achieved easily.
The aerobic flora of the caecum and large intestines decreased in general with the increase of the complexity of the intestinal flora (Tables  1 and 2 ). This phenomenon was consistent with the colonization resistance to E. coli as recorded preViously (Koopman et at., 1983) . The bacterial morphology of the aerobically cultured flora revealed only minor differences between fhe groups. Nor did the anaerobic culture demonstrate clear differences between the 3 groups investigated.
All groups, except the GF + 3 mice, showed a preponderance of fusiform-shaped organisms. In a 'normal' caecal flora of mice, about 80% of the cultured microorganisms consisted of fusiforms (Koopman & Kennis, 1982) 1 which was also the finding in G F + 21 and in GF + 71 mice. It appears that the percentage of fusiforms in the caecal flora was not related to the degree of 'normalization' of germfree mice, associated with a microflora.
The SEM photographs demonstrated colonization of the oesophagus in GF + 71 mice but not in GF + 3 and GF + 21 mice. Earlier observations have suggested that the bacteria in the oesophagus consisted mainly of lactobacilli (Savage et at., 1968) . In the caeca of GF + 21 and GF + 71 mice a large mass of fusiforms was found. It was not possible from SEM studies to observe differences between the individual fusiform bacteria. However, it seemed that in the caecum of a GF + 21 mouse a relatively uniform group of fusiforms was present· in contrast to the GF + SPF mice. The photographs also show that the non-bacterial mass decreased in the faeces with the increase of the complexity of the flora. Dead yeast cells originating from the food could be found in the faeces of the experimental groups and in the GF + SPF mice, but to a lesser extent. The yeast cells were probably partially digested by the complex microflora. It is also possible that the yeast cells found in SPF mice are normal inhabitants of these animals.
In judging the degree of normalization after associating germfree mice with microfloras, the microbiological parameters described above can provide useful information. In addition to relative caecal weight, colonization resistance, the presence of volatile fatty acids, bile acids and (3-aspartylglycine in the faeces, etc. , Gastrointestinal microflora of mice characteristic colonization patterns in oesophagus, ileum and caecum can be studied using SEM.
